Abstract We document isolation and characterization of 12 tetra-nucleotide microsatellite DNA markers in the hermaphroditic Chittenango ovate amber snail (Novisuccinea chittenangoensis) endemic to Chittenango Falls in central New York State, USA. The markers displayed a moderate level of allelic diversity (averaging 5.2 alleles/ locus) and heterozygosity (averaging 58.6%) in the single extant population. Allelic diversity was sufficient to produce unique multilocus genotypes; no indication of selfing was observed among this cosexual species. Minimal deviations from Hardy-Weinberg equilibrium and no linkage disequilibrium were observed when three collections, representing different rock ledge heights, were analyzed separately. A series of analyses identified weak population differentiation among the ledge collections. Demographic analyses suggested each collection has achieved mutationdrift equilibrium. The microsatellite markers developed for N. chittenangoensis yielded sufficient genetic diversity to: (i) distinguish all individuals and assess the level of selfing; (ii) elucidate fine-scale population structuring; and (iii) provide unique demographic perspectives for recovery efforts.
The Chittenango ovate amber snail (Novisuccinea chittenangoensis) is a cosexual terrestrial species endemic to Chittenango Falls in central New York State, USA. This single extant population of N. chittenangoensis is rupicolous; thriving among the rock ledges associated with Chittenango Falls. Due to threats presented by inadvertent human disturbance of habitat, rarity, population decline, and narrow endemism, the species has been listed as threatened under the US Endangered Species Act since 1978. Habitat protection in the form of in situ maintenance of essential habitat and ex situ captive propagation are planned as primary components of a recovery strategy (USFWS 2006) . The success of a captive propagation program relies, in part, on a implementing a biologically sound genetic management program to determine the level of genetic diversity within the wild population, to ensure that inbreeding depression is avoided, and to conserve gene diversity within the captive population. Given that basic biological, ecological, and evolutionary knowledge is lacking for this species, imminent captive propagation efforts underscore the need to characterize the evolutionary relatedness within the population. To address this information need, we have developed 12 polymorphic tetra-nucleotide microsatellite DNA markers for N. chittenangoensis. Here we describe the isolation and characterization of microsatellite markers among individuals representing the single extant population.
To develop and characterize markers, DNA was isolated from five N. chittenangoensis 'snail trails' embedded in FTA Ò cards (Whatman, Inc., Piscataway, NJ, USA) collected from the wild following the methods of King and Eackles (unpublished; King et al. 2006) . Three additional sampling events resulted in the collection of 29 additional N. chittenangoensis: 1) 25 individuals were sampled via FTA cards in 2008 from three different ledges (high, middle, and low) at Chittenango Falls; 2) two individuals collected for captive breeding experimentation that died in captivity in 2002; and 3) two individuals resulting from natural mortality in 2008. DNA concentrations and integrity were determined as described in King et al. (2006) . Two microsatellite-enriched libraries were prepared for N. chittenangoensis by Genetic Identification Services, Inc., Chatsworth, CA, USA (GIS; http://www.genetic-id-services. com/) using magnetic bead capture technology and the CATC and TAGA microsatellite motif capture molecules (Peacock et al. 2002) . Of 36 clones screened for microsatellites, 12
were unique, of sufficient length ([6 repeats), and possessed adequate flanking regions for primer development. Clone sequencing, primer design, microsatellite DNA amplification conditions, and fragment analysis are described in King et al. (2006) .
All 12 primers produced unambiguous, polymorphic PCR products interpreted as allelic variation. Locus designation, accession number, primer sequences, repeat motifs, total number of alleles observed, range of PCR product sizes, and expected heterozygosities for the N. chittenangoensis are provided in Table 1 . Overall allelic diversity ranged from 2 (NchC12, and NchC246) to 9 (NchC317) and averaged 5.2 alleles/locus. Allelic diversity was sufficient to produce unique multilocus genotypes and resulted in a probability of 8.1 9 10 -5 that two sibling N. chittenangoensis would have identical multilocus genotypes (PI sibs ; Taberlet and Luikart 1999) . No indication of Rice 1989) selfing was observed among this hermaphroditic species as the fewest number of allele differences detected among the 34 individuals surveyed was six.
Expected average individual heterozygosity per locus for all individuals pooled was 58.6% (S.E. 7.3%). Expected heterozygosities ranged from 3.4% (NchC12) to 82.6% (NchC128). Tests for conformance to Hardy-Weinberg equilibrium (GENEPOP, v. 4.0; Raymond and Rousset 1995) among 12 locus comparisons for all 34 individuals indicated that five loci deviated from expectations (a = 0.05, P \ 0.004; Bonferroni correction, Rice 1989) . When individuals from the 2008 3-ledge comparison were pooled, the same five loci deviated from expectations (a = 0.05, P \ 0.005; Rice 1989). However, when the individuals from each ledge were treated as separate populations, a single locus (NchC246) among individuals sampled from the middle ledge deviated from expectations (a = 0.05, P \ 0.0017; Rice 1989) ( Table 2) . No statistically significant linkage disequilibrium (GENEPOP) was detected among the 55 possible pair-wise comparisons for the pooled (overall a = 0.05, P \ 0.008; Rice 1989) or for 86 pair-wise comparisons in the 3-ledge comparison (overall a = 0.05, P \ 0.02; Rice 1989) . Fixation indices were high for six of the 12 loci when all samples were pooled (Table 1) . Although selfing is often a likely explanation for high F IS values in self-compatible hermaphrodites, including plants, ascidians, cnidarians, and freshwater snails (Jarne and Charlesworth 1993) , other explanations are possible. The pooling of subpopulations, null alleles, and varying degrees of selection could account for the patterns observed in this study. The percentage of loci-by-collection comparisons exhibiting F IS values greater than 0.300 decreased when the collections representing the 3-ledge comparison were analyzed separately ( Table 2) .
The percentage of variance (AMOVA option of GenAlEx 6.4; Peakall and Smouse 2006) attributed to differentiation between the two temporal collections was 5% (F ST = 0.054; P \ 0.003) and was greater than the variation (2%) observed among the three ledge collections (overall F ST = 0.023; P \ 0.144), with 98% attributed to variation among individuals along each ledge. F ST values among the ledges ranged between 0.013 (middle and lower) to 0.040 (low and high); no values were statistically significant from zero (P [ 0.047).
N e Estimator was used to approximate (using LD) the effective spawning number (N e ) among individuals included in the ledge comparison (Peel et al. 2004) . N e was estimated to be 73.7 (95% CL, 43.5 and 194.7) . BOTTLENECK (Piry et al. 1999) , implementing a twophased model of mutation (5% IAM; 95% SMM; Cornuet and Luikart 1996) , indicated no statistically significant heterozygote excesses or deficiency for either of the N. chittenangoensis ledge collections (a = 0.05, P [ 0.425; Wilcoxon signed-rank test, Luikart et al., 1998) ; suggesting the effective size has remained constant (Davies et al. 1999) .
The microsatellite markers developed for N. chittenangoensis yielded sufficient genetic diversity to: (i) distinguish all individuals and suggest the absence of selfing; (ii) elucidate fine-scale population structuring; and (iii) provide unique demographic perspectives for recovery efforts. Our results are consistent with a neighborhood structure of randomly mating hermaphrodites where more closely situated individuals or colonies tend to be more genetically similar to one another. Some degree of association between genetic distribution and geographical distance is related to the increased likelihood of dispersal between adjacent colonies, following a ledge-by-ledge relationship pattern.
